ABSTRACT
INTRODUCTION
The estS gene of Drosophila virilis encoding esterase S is an attractive model for studies on the control of gene expression as this gene is switched on at a well defined period of development (the 3rd day after emergence), and in one tissue (the epithelium of ejaculatory bulbs in males). The enzyme is carboxylic-ester hydrolase. It enzymatic activity is determined with hydrolysing beta-naphtylacetate. The enzyme is responsible for processes of females fertilisation. Esterase S is accumulated in ejaculatory bulbs, excreted and transferred into genitals of females upon copulation (1) (2) (3) (4) (5) . A sharp start of the estS expression seems to result from some internal signal and does not depend on extracellular factors. Its activation occurs even if genital imaginal disk giving rise to ejaculatory bulbs is transplanted into female abdomen. Possibly its on switch is a part of the internal developmental program of the corresponding cells (1, 2, 6) . Several data indicate the estS gene is under control of at least three genes located in X, IV and V chromosomes. The internal program is modulated by hormonal influences (5, 7) .
The question arises as to which step of gene expression is critical for the control of tissue specificity. Here, we found that tissue specificity is determined at the level of transcription. Obtained results showed also the possibility of regulation of esterase S gene expression at the level of translation.
MATERIALS AND METHODS

Sequencing
Sequencing method was the dideoxy chain termination method (8, 9) . Subclones for sequencing were obtained with the aid of partial DNAase I digestion in the presence of Mn 2 " 1 " (10) . Plasmid DNA was isolated by alkaline method (11) with minor modifications.
Mapping of 5'-ends in poly(A) + RNA
Total and poly(A) + RNA were isolated according to (12, 13) with minor modifications. SI analysis was performed by a standard method (14) varying temperature and time of annealing and SI nuclease concentration. 
TAAAGACCCCATAAACTAAGCGCTGAACCCAACTTC-
17 nucleotides at the 3'-ends of fragments 1) and 2) and of 3) and 4) respectively are mutually complementary (underlined). The pairs were taken in equimolar amounts and annealed in 6 mM MgCl 2 . 50 mM tris-HCl, pH 7.8 for 30 min at 37°C and for 30 min at 25°C. Thereafter the mixture of 3 mM dATP, dCTP, dGTP and dTTP was added together with 10 U of Klenow DNA polymerase I. The mixture was incubated for 30 min at 37°C.
Reaction results were checked by electrophoresis in 1.8% agarose gel. The double stranded fragments were inserted into pSV2CAT plasmid (16) in the region corresponding to the 5'-untranslated part of mRNA. Orientation of the fragment was determined by sequencing. For sequencing the synthetic primer 5'-GCTCCTGAAAATCTCGCC-3' was used. The transfection was performed by DEAE-dextran sulfate method as modified for suspension culture of chicken fibroblasts HD3 (17).
14 CChloramphenicol from Pharmacia was used in CAT assay (18) . 
RESULTS
Structure of estS gene and its product
Earlier, we cloned a genomic copy of the estS gene from D. virilis (6) . The physical map of the pVE9 plasmid containing the estS gene is shown on Fig. la . In addition, an incomplete cDNA copy of estS had previosly been cloned. 5' end of obtained cDNA copy extended towards 5' end of the major transcription start from the promoter P2 of the estS gene 212 nucleotides. The cDNA copy was sequenced completely and comparison both sequences obtained from genomic copy and cDNA copy of the estS gene made possible it exon-intron structure and amino-acid sequence of the gene product to determine.
One can see that the estS gene consists of two exons separated by a 59 bp intron, The esterase S protein was deduced to consist of 542 amino acids. Esterase S has previosly been shown to be glycosyiated (5) . The putative glycosylation sites are shown on A significant homology in the region of the putative active center of the enzyme was detected with such evolutionary distant species as human and ray (Fig. 2) .
The analysis of nucleotide sequence of the genomic estS copy also allows one to detect putative promoter sequences for transcription initiation. Two typical eukaryotic TATA-box elements are present 64 and 411 bp upstream to the esterase S AUG translation initiation codon.
In vivo transcription of the esterase S gene and mapping of mRNA 5'-ends First, Northern blot hybridization was performed with total poly(A) + RNA obtained at different stages of D. virilis development (Fig. 3) . One can see that estS transcription is tissuespecific. It is almost absent in females at all stages of development. In males it is restricted to the stage of imago appearing at the 3rd day after emergence and reaching maximum at the 10th day. In imago, only ejaculatory bulbs were found to express the gene. However, the absence of a recognisable signal on Northern blot does not mean that the transcription does not exist at all. In fact, an increase of RNA concentration allows one to detect a signal of estS mRNA in other tissues and in females. However the level of expression was at least 100 times lower (data not shown).
To confirm the specificity of this signal, we performed SI mapping of mRNA 5'-ends.
SI analysis was performed with poly(A)+RNA transcribed from P2 and PI promoter taken at different stages of development from males and females (Fig.4,5) . RNA was prepared repeatedly very carefully from various tissues of Drosophila virilis without cross contamination.
The major P2-associated mRNA could not be found in embryos, larvae or pupae. It appears in males of imago stage on the 3rd day after emergence and reaches the maximum on the 10th day. All P2 mRNA is concentrated in ejaculatory bulbs. No signal was obtained with RNA from any other organ or from whole males after removal of ejaculatory bulbs, even when a large excess of poly(A) + RNA (100-200xfold) was used for hybridization. Thus, the level of transcription from the proximal P2 promoter in ejaculatory bulbs is at least four orders of magnitude higher dian in other tissues of males (Fig. 4a,b) In females, the transcription from the P2 promoter is also undetectable before the imago stage. At the same time as in males, the P2 transcripts appear, though at the peak of transcription their content in females is 50-100 times lower than in males. Considering the absence of P2 transcripts in male tissues other than ejaculatory bulbs, one can suggest that low expression of the estS gene in female occurs in a certain sex-specific part of the female. This question has not been further analysed. The precise positions of the transcription start points were obtained with a comparison of the sequencing products of the probes used in SI mapping with SI mapping products.(Data not shown) The multiple bands in fig.4(a,b) sometimes occur in SI mapping becouse of influence of 5' end cap structure of mRNA. The data of sequence analysis of the region of the transcription start points determined with S1 mapping showed that here common sequences for ends of introns do not exist. The experiments of transcription in vitro supported that SI mapping does not detect introns outside, but transcription starts of the estS gene.
Additionally, another mRNA start site was found downstream from the distal putative PI promoter TATA box. (Fig. 5a,b) . This signal can clearly be observed if larger amounts of poly(A) + mRNA are used in hybridization experiments. The ratio of concentration of poly(A) + RNA from the distal and proximal promoters constitutes about 1:100 in ejaculatory bulbs of adult males. In malpighian tubules and ejaculatory bulbs of mature males we detected also the signals of RNA of unknown origin. At present we are studying the origin of this RNA.
The picture is quite different in the case of transcripts initiated by the PI promoter (PI-transcripts). They are detectable at different stages of development and in different tissues of D. virilis. It is inactive in embryos. PI is switched on in the third instar larvae. It is switched off in pupae and again switched on in imago on the first day after emergence. Later its activity decreases. The total poly(A) + RNA isolated from 5 day males fail to protect corresponding DNA fragment upon the SI mapping, although a weak signal can be obtained with poly(A) + RNA from ejaculatory bulbs. The PI promoter is reactivated on the 10th day after emergence and" after that its activity does not change.
In larvae, the PI promoter is used in genital imaginal disks Fig. 1b . In all cases for analysis were used 10 /ig poly A* RNA and in malpighian tubules. In adult males, the only place where the PI promoter was active was in the ejaculatory bulbs, while in females, its activity is undectable.
It is interesting that in the third instar larvae neither imaginal disks nor malpighian tubules contain /3-esterase activity at least in quantities detectable by the techniques used (2.3.4). Thus, two promoters are used in eyrStranscription. We have designated the distal promoter as PI and the proximal one as P2. The distance between PI and P2 is equal to 342 bp. 
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Mapping of PI and P2 transcripts in vitro
To further prove that the sites detected by SI analysis corresponded to the transcription initiation sites, an in vitro transcription system (15) was employed. The system is very sensitive to such parameters as extract and DNA concentrations, which probably reflects dependence of certain factors on one another.
Transcription from P1 promoter was found to be very sensitive to experimental conditions. The initiation site is located at the distance of 340 bp from the initiation site of the P2 promoter. A two-fold increase of extract concentration reduced the transcription three times while a two-fold decrease of extract concentration completely stopped it. But the transcription from the proximal P2 promoter depends to a lesser extend on changes in experimental conditions (Fig.6) . The transcription start points obtained with S1 mapping of the RNA transcribed in vitro are the same as in the case of the S1 mapping of mRN A of estS gene transcribed in vivo. These data supported that with SI mapping of mRNA esterase S gene we had determined 5' ends of mRN A. but not exon-intron boundaries.
We conclude that transcription of the estS gene begins from two promoter sites, the major (proximal) P2 and minor (distal) PI. P2 transcription is highly tissue-specific.The total difference in content of transcript between ejaculatory bulbs and other tissues of males is 50-100 x fold less than could be expected from the fact of complete absence of esterase S from any tissue but ejaculatory bulbs. Therefore, we suggest that tissue-specificity of estS expression depends not only on transcriptional, but also, translational control.
The role of short open-reading frames in the control of the estS gene expression
Computer analysis of the sequence between the PI and P2 promoters showed the existence in this sequence of three short open-reading frames (ORF). They could encode peptides of 9, 4, and 11 amino acids long. At the same time, the translation of such ORFs may inhibit further translation of downstream sequences (21) . The two first short ORFs, as well as the estS coding sequence possess sequences around the initiation AUG which correspond to the consensus sequence for animal initiation codons recently detalized for Drosophila genes (22) . The nucleotide sequence in neighbourhood of the third ORF is not favorable for initiation of translation. Thus sequence data allow one to suggest that at least two short ORFs are involved in attenuation of translation from mRNA transcribed from the PI promoter.
To check this suggestion, we prepared two constructions based on the pSV-2CAT one (16) . The first contained the region of estS locus with three ORFs inside the leader sequence of the CAT gene. The second contained the same sequence with three substitutions which converted initiation AUG codons into neutral ones (see Fig. 7a ).
The chicken HD 3 cells were transfected with both constructions and analysed for the CAT expression (Fig. 7 b) . The insertion of estS sequence containing three ORFs between mRNA transcription start and initiation codon of the CAT gene drastically decreased the CAT expression (at least 50-fold). On the other hand, the destruction of ORFs by three point mutations completely eliminated this effect (Fig. 7b) . The transcription of CAT was not changed upon the point mutations (not shown). Thus, three ORFs located between PI and P2 promoters can strongly inhibit translation of mRNA. For example, mRNA transcribed from the PI promoter should be very inefficient in translation comparing to that transcribed from P2. We can conclude that at least three factors determine the high tissue specificity of estS gene expression: overall level of transcription; promoter selection and control at the translation level. This is schematically presented on Fig. 8 .
DISCUSSION
We have shown that three factors are involved in control of the estS gene expression. First, the overall level of transcription may Figure 8 . Schematic presentation of the control of estS expression. E-in embryos, L-in larvae imaginai disks, B-in mature male ejaculatory bulbs, (black rectangle-promoter worked, white rectangle-promoter not worked).
be determined by tissue-specific transcription factors. This question has not yet been fully studied since the material for preparing transcription factors (nuclei of epithelium cells from ejaculatory bulbs) is not easily available. In general, tissuespecific transcription is well studied at many different systems (23, 24, 25, 26) . The existence of two alternative promoters active at different stages of development has been good described for many genes (21) . The second factor is promoter selection. Among two promoters described, one, P2, possesses a very high tissue and time specificity (active only in ejaculatory bulbs epithelium starting from the third day after emergence). The role of P2 activity in females is not clear. In Drosophila melanogaster, esterase 6 is recovered not only in ejaculatory ducts of males, but also in fat body of females (27, 28) . Fat body may be the place of low esterase S expression in Drosophila virilis females as well. An interesting problem is to detect the sequences determining such a high specificity of the P2 promoter. It should be pointed out that many sequences similar to other enhancer elements are located in this region. The distal PI promoter possesses a broader tissue specificity. Though active in ejaculatory bulbs, it is also used for transcription in several other tissues (imaginal disk in the third instar larvae). However this mRNA seems not to be utilized due to translation control (third factor). For example, gene expression is inhibited at the translation level due to the presence of at least two active ORFs (22, 29, 30) . The combination of such factors may completely eliminate the estS gene expression from the male tissues other than epithelium of ejaculatory bulbs.
The question arises as to why the PI promoter does exists. The first possibility is that PI is only a non-functional promoter which has appeared in evolution occasionally, and then, has been fully inactivated by the formation of short ORFs. The second possibility is that it may be connected with general activation of the estS domain in ontogenesis. The low level of estS transcription due to the existence of PI appears at the earlier stages of development. The block of translation may eliminate the unnecessary appearance of esterase S in wrong places. However, the low level of transcription may change the chromatin structure, and thus, prepare it for the sharp switch on.
Interestingly, the appearance of transcription from the PI promoter coincides with the time of determination of the cells of genital imaginal disks to a synthesis of the esterase S. It has been shown that transplantation of genital imaginal disks isolated from D. littorcdis male larvae 48 hour after the second moulting into D. virilis female larvae before pupation led to appearance of esterase S in differentiated grafts from 8-10 days after emergence. Grafts of genital imaginal disks taken 24 hour after the second moulting still expressed esterase S at a rather high level while those taken earlier (10-12 hour after the second moulting) did not (2, 3) . The time for determination of the synthesis of the tissue-specific esterase fits well to the one established previously for the synthesis of the tissue-specific esterase 6 of D.melanogaster ejaculatory ducts (27) . Explanations assigning a functional role to the PI promoter is attractive: however, there is not evidence for such a role.
The third possibility to be considered is that mRNA transcribed from the P2 promoter is still functional. In this case, translation may be initiated from the correct internal AUG codon due to the existence of some sequences in this area. Finding the initiating AUG codon has been described in few cases (31, 32, 33) . It might be, for example, that PI mRNA translation is blocked for free ribosomes by short ORFs, but the ribosomes bound to membranes or the cellular matrix may translate it.
The exceptions may depend on the binding of some protein factors to a leader sequence changing the mechanism of AUG codon finding. This model requires some additional assumptions to explain why esterase S is undetectable in the third instar larva. It may be the result of its different location (i.e. in the complexes with cytoplasmic membranes). Though unlikely, another possibility is that sensitivity of the method for /3-esterase activity is not high enough. The control of the estS gene expression is an interesting example of a multistep process, and it deserves further investigation to ascertain answers to the questions presented above. Most important is to determine the function of the PI-initiated mRNA that seems to be inactivated by ORFs in the 5' leader.
